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Purpose: To quantify changes in differential ratings of perceived exertion 2 
(dRPE) across a two-week repeated-sprint training (RST) intervention that 3 
improved high-intensity intermittent running ability and linear speed of semi-4 
professional soccer players. 5 
Methods: Thirteen players completed 3 (sessions 1–3) or 4 (sessions 4–6) sets 6 
of 7 sprints (Group 1 [n = 7 players]: 30-m straight; group 2 [n = 6 players]: 7 
2 × 10-m shuttle), with 20 seconds and 4 minutes recovery between sprints 8 
and sets, respectively. Post-set perceptions of breathlessness (RPE-B) and leg 9 
muscle exertion (RPE-L) were rated using the CR100® scale. 10 
Results: Overall, RPE-B (mean ± SD: 46 ± 13 arbitrary units [AU], ‘~hard’) 11 
was most likely higher than RPE-L (39 ± 13, ‘~somewhat hard’. Mean 12 
difference: 8 AU; 90% confidence limits [CL]: ±2). Set-to-set increases in 13 
dRPE (AU; 90% CL: ±~2) were large in session 1 (RPE-B: 15, RPE-L: 14), 14 
moderate in sessions 2–5 (RPE-B: 7–10, RPE-L, 7–8), and small (RPE-B: 6) 15 
to moderate (RPE-L: 7) in session 6. Across the intervention, RPE-B reduced 16 
moderately in Set 3 (-13; ±4) and 4 (-12; ±12), and RPE-L reduced by a small 17 
magnitude in Set 3 (-5; ±6). The Set 4 change in RPE-L was unclear (-11; 18 
±13). 19 
Conclusions: We observed systematic intra- and inter-session changes in 20 
dRPE across a two-week RST intervention, with a fixed prescription of 21 
external load, that improved semi-professional soccer player’s high-speed 22 
running abilities. These findings could support dRPE as measures of internal 23 
load and highlight a usefulness in evaluating RST dose–response. 24 
Keywords: RPE, sensitivity, athlete monitoring, training load, exercise 25 
progression. 26 
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Quantifying the extent to which athletes are responding to a training session, 29 
intervention or programme is an integral part of monitoring and management 30 
strategies in sport.1,2 Changes in training outcomes, such as aerobic capacity, 31 
strength, speed and power, are of very little value without precise, thorough, 32 
and in-depth information about the exercise training itself.3 This includes both 33 
physical performance (i.e., external load) and the associated biochemical 34 
(physiological and psychological) and biomechanical responses (i.e., internal 35 
load).4,5 The relationship between internal and external load can therefore 36 
provide insights to a player’s fitness or fatigue.6 For example, a reduced 37 
internal load in response to a standardized external load may indicate a player 38 
is gaining fitness and coping with training.1 This approach can be useful to 39 
evaluate training and prescribe subsequent activity, but is often limited due to 40 
difficulties in controlling external load under standardized conditions in the 41 
applied setting.1 42 
Ratings of perceived exertion (RPE) are a commonly used measure of internal 43 
load in soccer.2 This is likely due to strong associations with multiple 44 
indicators of internal exercise intensity, reliability, and feasibility.7 45 
Separating global RPE into its specific central and peripheral mediators (e.g., 46 
respiratory and muscular, respectively) can further enhance internal load 47 
quantification8 and may well be a suitable indirect alternative measurement 48 
of physiological and biomechanical loads.5 Differential RPE (dRPE) 49 
represent distinct psychophysiological constructs in team-sport athletes and 50 
have demonstrated face, content and construct validity (convergent and 51 
discriminant).8-10 Despite a growing interest in dRPE as measures of internal 52 
load,11 the dose–response sensitivity of perceived respiratory (central) and 53 
muscular (peripheral) exertion in relation to external loads and changes in 54 
fitness are largely unexplored. 55 
Repeated-sprint training (RST) is a time-efficient, centrally and peripherally 56 
demanding exercise modality that is effective at improving speed, power, and 57 
high-intensity intermittent running performance in soccer players.12 While 58 
repeated-sprint bouts (≥ 2 sprints with < 60 s recovery) seldom occur in 59 
match-play,13 performing multiple, all-out efforts, over short distances with 60 
brief recovery periods can elicit cardiometabolic and neuromuscular 61 
adaptations favourable to soccer performance.13-15 Evaluating dRPE in 62 
response to RST, where external load can be controlled, may therefore serve 63 
as an ideal exploratory examination of dose–response sensitivity. 64 
Accordingly, the objective of our study was to detail changes, if any, in dRPE 65 
across a controlled two-week RST intervention that substantially improved 66 
high-intensity intermittent running ability and linear speed in a group of semi-67 
professional soccer players.16  68 
69 





Data from 13 semi-professional, male soccer players ([mean ± SD] age: 24 ± 72 
4 years; stature: 179 ± 6 cm; body mass: 77 ± 8 kg) who were part of a 73 
previously published randomised controlled trial16 were used in our study. An 74 
initial sample of 15 players provided informed consent to participate in the 75 
RST intervention.16 However, two players were excluded from the current 76 
analysis due to insufficient attendance (2–3 out of 6 training sessions). Players 77 
were part of two different squads, which competed in the eighth and ninth tier 78 
of the English Football League System. This study took part at the end of the 79 
competitive season and the RST interventions were included as total 80 
replacement of training.16 No matches took place during this period. All 81 
players received medical clearance and provided informed consent to 82 
participate. The study received ethical approval via an institutional ethics 83 
committee.16  84 
Experimental Design 85 
The RST intervention was a quasi-experimental, controlled, pre–post parallel 86 
groups design in which players were allocated (via minimization) to either a 87 
straight-line (STR n = 7) or change of direction (CoD; n = 6) training group. 88 
Players from both squads had prior experience of RST as part of their usual 89 
training. However, this was the first instance in which a formal RST 90 
intervention was used as total replacement of training. A range of fitness tests 91 
assessing high-intensity intermittent running ability, speed, change of 92 
direction performance and lower-limb explosive power were conducted 93 
before and after the six-session programme.16 Group mean fitness changes 94 
from the original sample of 15 players were moderate to large for the Yo-Yo 95 
Intermittent Recovery Test Level 1 (YYIRTL1, 28%; 90% confidence limits 96 
[CL]: ±4), and large for 5- (-9.5%; ±1.7), 10- (-6.7%; ±1.2), and 20-m (-3.8%; 97 
±0.8) linear sprint times, with no clear difference between groups. No clear 98 
changes were observed in Illinois agility test performance (0.7%; ±1.4) or 99 
countermovement jump height (1.6%; ±2.7). 100 
The six training sessions took place across a two-week period, which allowed 101 
for one session every 2–3 days. This time was chosen to ensure adequate 102 
recovery between sessions and to examine the proposed time-efficient nature 103 
of RST. Training sessions were performed outdoors on a grass soccer pitch at 104 
the same time of day for each team (19:00) to minimise any potential 105 
influence of diurnal or circadian variation on the internal response to exercise. 106 
We also asked players to avoid any additional vigorous exercise, mentally 107 
demanding tasks and foods or beverages containing stimulants (e.g., caffeine) 108 
in the 24-hours immediately prior to each training session, due to the putative 109 
effects on perceived exertion.  110 




All RST sessions were preceded with a 15-minute warm-up. The warm-up 112 
consisted of: 5-minutes light jogging, 5-minutes lower-limb dynamic 113 
stretching, and 5-minutes activation exercises (jumps, hops, skips, bounds), 114 
and three sprint efforts (80%, 90% and 95% of perceived maximum speed). 115 
The training programme consisted of 3 (Block 1: sessions 1–3) or 4 (Block 2: 116 
sessions 4–6) sets of 7 sprints, with 20 seconds and 4 minutes recovery 117 
between sprints and sets, respectively. The STR group completed 30-m 118 
efforts and the CoD group completed 2 × 10-m efforts with a 180º turn. These 119 
distances were chosen as per RST recommendations15 and to ensure that 120 
effort durations were closely matched between STR and CoD. For the purpose 121 
of the present analysis, training data for STR and CoD were pooled so that 122 
sample size was not compromised. Players were informed of the two-week 123 
programme prior to the start of the intervention period and of sprint distances, 124 
sets, repetitions, and rest periods prior to each session.  125 
Outcome Measures 126 
Throughout each session, beat-to-beat heart rate was measured by a chest-127 
worn belt (Polar T31 Coded, Polar Electro Oy, Finland), with data transmitted 128 
to a wrist watch (Polar RS400, Polar Electro Oy, Finland) at a rate of 5 kHz. 129 
Upon post-session download, raw data were aggregated into 5-second 130 
intervals by the proprietary software (Polar ProTrainer 5, Polar Electro, 131 
Kempele, Finland). Heart rate traces were then visually inspected and 132 
sessions with clear irregularities (e.g., substantial trace dropout) were 133 
removed from further analysis (n = 3). Subsequently, set average heart rate 134 
(HRavg) including between-sprint rest periods, was retained. Data was 135 
expressed as a percentage of maximum heart rate, determined as the highest 136 
value recorded during both YYIRTL1. 137 
Player’s external training activities were monitored using microsensor units 138 
containing a 10 Hz global positioning system (GPS) and a 100 Hz triaxial 139 
accelerometer with an output range of ± 13 g. (MinimaxX v4.0, Catapult 140 
Innovations™, Melbourne, Australia). Microsensor units were harnessed in a 141 
tight-fit vest allowing for an anterior–posterior placement between the 142 
scapulae. Players wore the same unit throughout the intervention period to 143 
mitigate inter-unit error. Devices were activated 15-minutes prior to the start 144 
of each training session to enable a suitable connection to the satellite 145 
network. Data were retrospectively processed via proprietary software (Sprint 146 
v5.1.7, Catapult Innovations), which smoothed raw velocity and 147 
accelerometery data using bespoke algorithms (methods not publicly 148 
available). Signal quality was visually inspected after each session and we 149 
found no instances of inaccuracies. 150 
Since the RST programme required players to run the same distance at the 151 
same intensity for each sprint, traditional locomotor metrics (e.g., total and 152 
high-speed running distances), were not considered as reflective external 153 
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measures. Instead, peak running speed (km·h-1) and total PlayerLoad™ (PL, 154 
arbitrary units [AU])17 for each set of 7 sprints were extracted for analysis. 155 
Ten hertz MinimaxX GPS have demonstrated good criterion validity (versus 156 
laser: mean bias = ~3%, coefficient of variation [CV] = 3–6%, r = 0.98) and 157 
high interunit reliability (CV = 4–6%, r = 0.89–0.98) for measuring 158 
instantaneous velocity and peak speed during short, straight-line sprint and 159 
shuttle efforts.18 The inter- and intra-unit reliability of PL has been reported 160 
as ~1%.19 161 
Differential RPE 162 
One week prior to data collection, players were given instruction on the 163 
definition of perceived exertion and its scaling,20 including the importance of 164 
separating RPE from other exercise related sensations such as pain, 165 
discomfort and fatigue. Instruction was also given on how to appraise dRPE, 166 
such that RPE-B depends mainly on breathing rate and/or heart effort, and 167 
RPE-L depends mainly on the strain and exertion in the leg muscles (thighs, 168 
glutes, calves, etc.). When players arrived for baseline fitness testing, above 169 
instructions were verbally reiterated and any questions were answered 170 
through discussion. This session was also used to familiarise players with data 171 
collection, using post-warm-up and post-test periods to provide ratings across 172 
different intensities of exercise (i.e. anchoring). 173 
During RST, players used 7” Android tablets (Iconia One 7 B1-750, Taipei, 174 
Taiwan: Acer Inc.) to independently record RPE-B and RPE-L via a 175 
numerically blinded CR100® scale, hosted on a bespoke application.10 Tablets 176 
were circulated approximately one minute after each set of sprints. Players 177 
were instructed that their ratings should reflect the perceptions of effort 178 
experienced for the preceding set only (i.e. for the last seven sprints). Using 179 
four tablets in rotation, dRPE were typically collected within a 2-minute post-180 
set period. 181 
Statistical Analysis 182 
Visual inspection of raw data via histograms and Q–Q plots showed 183 
approximate normal distribution for dRPE, HRavg, peak running speed and PL 184 
in each set. Descriptive summary statistics are therefore presented as the mean 185 
± standard deviation (SD). Our design located units of analysis (outcome 186 
measures for a set) nested in clusters of units (players). Since use of the 187 
CR100® scale allows RPE to be treat as continuous ratio data, we used 188 
separate 2-level linear mixed effect models (SPSS version 24, IBM, Armonk, 189 
NY, US) to examine the changes in each outcome measure within a session 190 
(set-to-set) and across the two-week intervention (between-sessions). Fixed 191 
effects (modelled without a fixed intercept) were set and session number, 192 
which were specified as continuous covariates (to determine the linearized 193 
change between sets and across sessions) and factors (to determine these 194 
changes on a per-session or per-set basis). Slope values for set were evaluated 195 
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as the change in each outcome measure associated with performing one set of 196 
seven sprints. Session was rescaled when entered as a covariate (ranging from 197 
0 to 1) so that slope values represented the linearized change in outcome 198 
measures across the entire two-week programme (i.e. the effects of 6 199 
sessions). Models were fit with a random intercept for athlete and a random 200 
slope for set or session, using an unstructured covariance matrix, to account 201 
for individual differences in the linearized changes. 202 
Uncertainty in outcome measures and ranges of values compatible with our 203 
data and statistical models were expressed as 90% CL.21 We then used non-204 
clinical magnitude-based decisions22,23 to provide an interpretation of these 205 
ranges in relation to reference thresholds. In the absence of a robust anchor 206 
for practically meaningful changes in all our outcome measures, we elected 207 
to use a distribution-based approach (i.e. standardization) to determine these 208 
thresholds.24 Standard deviations for the intercept (between-athlete) and 209 
residual were pooled and multiplied by thresholds of 0.2, 0.6, 1.2, and 2.0 210 
anchor small, moderate, large, and very large changes, respectively.23 211 
Subsequently, the chance of a change being substantial or trivial was 212 
calculated by converting the t statistic for the effect in relation to the threshold 213 
(change – threshold/ standard error of the change) to a continuous probability 214 
via the one-tailed t-distribution.25 Quantitative probabilities were then 215 
assigned to the following qualitative probabilistic terms: possibly, 25.0–216 
74.9%; likely, 75.0–94.9%; very likely, 95.0–99.5%; most likely > 99.5%.22 217 
The effect was declared unclear if the chance of being both substantially 218 
positive and negative was ≥ 5%. Each effect and its CL were converted to 219 
standardized units (effect sizes) for visualisation. 220 
221 




Descriptive data for each set of repeated sprints across the 6-session RST 223 
intervention are presented in Figure 1 and Figure 2. The overall (mean ± SD) 224 
set values were 46 ± 13 AU (‘hard’) for RPE-B, 39 ± 13 AU (‘somewhat 225 
hard’) for RPE-L, 80 ± 6% for HRavg, 24.1 ± 4.4 km∙h-1 for peak running 226 
speed and 31 ± 5 AU for PL. Mean RPE-B was most likely higher than RPE-227 
L (mean difference: 8 AU; 90% CL: ±2). Differential RPE were likely higher 228 
for the STR training group (RPE-B: 50 ± 16, RPE-L: 43 ± 16) when compared 229 
with the CoD training group (42 ± 15, 35 ± 13. Mean difference: 7 AU; 90% 230 
CL: ±9). 231 
**INSERT FIGURE 1 NEAR HERE** 232 
**INSERT FIGURE 2 NEAR HERE** 233 
The change in dRPE, HRavg, peak running speed, and PL per one set of 234 
repeated sprints are presented in Figure 3. Set-to-set changes in RPE-B (AU; 235 
90% CL: ±~2) were large in session 1 (15 AU), moderate in sessions 2–5 (7–236 
10 AU), and small in session 6 (6 AU). For RPE-L, set-to-set changes (±~2 237 
AU) were large in session 1 (14 AU) and moderate in sessions 2–6 (7–8 AU). 238 
Set-to-set changes in HRavg were small in sessions 1, 3, and 5 (~1.3%; ±~1.0). 239 
No substantial set-to-set changes were observed in any other sessions for 240 
HRavg (~0.9%; ±~1.0) or in any of the 6 session for peak running speed (~-0.1 241 
km∙h-1; ±~0.3) and PL (~0.04 AU; ±~0.58). 242 
**INSERT FIGURE 3 NEAR HERE** 243 
Changes in dRPE, HRavg, peak running speed, and PL across the RST 244 
intervention are presented in Figure 4. Breathlessness RPE increased by a 245 
small magnitude in Set 1 (6 AU; ±5) and reduced by a moderate magnitude 246 
in Sets 3 (-13 AU; ±5) and 4 (-12 AU; ±14). The Set 2 change in RPE-B was 247 
unclear (2 AU; ±5). Leg muscle RPE increased by a small magnitude in Set 248 
1 (5 AU; ±5) and 2 (6 AU; ±5), and reduced by a small magnitude in Set 3 (-249 
5 AU; ±5). The Set 4 change in RPE-L was unclear (-11 AU; ±14). Changes 250 
in other measures of intensity and load were as follows: PL reduced by a 251 
moderate magnitude in Set 4 (-3.5 AU; ±3.4); HRavg and peak running speed 252 
reduced by a small magnitude in Sets 2 (-1.3%; ±0.4) and 4 (-1.1 km∙h-1; 253 
±1.4), respectively, and; no substantial changes were observed in peak 254 
running speed for sets 1 to 3 (-0.1 km∙h-1; ±0.6), or in PL during set 3 (-0.9 255 
AU; ±1.4). All other between-session changes were unclear. 256 
**INSERT FIGURE 4 NEAR HERE** 257 
258 




There is limited data examining the dose–response relations of dRPE with 260 
external load and fitness in team sports. In this exploratory study, we 261 
quantified changes in dRPE throughout a 6-session RST intervention with a 262 
fixed prescription of external load that improved high-intensity intermittent 263 
running ability and linear speed in semi-professional soccer players.16 Our 264 
main finding was the systematic intra- and inter-session changes in RPE-B 265 
and RPE-L across the intervention period. Ratings for final sets of sprints 266 
reduced across the intervention and within-session changes became less 267 
substantial towards the end of the training programme. These findings suggest 268 
dRPE to be sensitive to changes in high-intensity running abilities. Our data 269 
therefore support dRPE as measures of internal load and highlight a 270 
usefulness in evaluating training dose–response during repeated-sprint 271 
protocols. 272 
Players in our investigation perceived RST as ‘somewhat hard’ to ‘hard’, with 273 
RPE-B being most likely higher than RPE-L. These data are in contrast to the 274 
expected responses of RST, however, which are usually described as more 275 
peripherally demanding and perceived ‘hard’ to ‘very hard’.14,15 Nonetheless, 276 
RST is programmed with disproportionate inter- and intra-set recovery 277 
periods so that internal load cumulates with each successive bout.26 Our data 278 
suggest that such an outcome was achieved, as RPE-B and RPE-L increased 279 
substantially across successive sets of sprints. These changes might be 280 
explained by metabolic and neuromuscular consequences,26 inclusive of 281 
anaerobic energy contribution, glycogen depletion and insufficient 282 
phosphocreatine resynthesis, hydrogen ion accumulation, respiratory 283 
compensations, and reductions in muscle excitability and excitation-284 
contraction coupling.15 A substantially higher RPE-B in comparison to RPE-285 
L has also been reported for other forms of ‘short’ high-intensity interval 286 
training (HIT). McEwan and colleagues27 found comparable differences 287 
between dRPE (mean RPE-B: 80–85 AU, mean RPE-L: 71–75 AU) 288 
following 12 × 30 s treadmill running intervals at 105% maximum aerobic 289 
speed with both externally regulated (30 s) and self-selected recovery periods. 290 
Participants who cited the completion of HIT sessions as their objective were 291 
also found to have utilised heart and respiration rate when gauging their 292 
perceived readiness to commence the next interval.27 293 
A novel finding from our data was the reduced magnitude of set-to-set 294 
changes in dRPE across the 6 training sessions, despite no meaningful 295 
changes in external load or intensity (Figure 3). A further key finding was the 296 
small to moderate reduction in dRPE following the third set of sprints (Figure 297 
4). This again occurred despite trivial changes in external load/ intensity 298 
throughout the two-week intervention (Figure 4). Since moderate to large 299 
improvements in YYIRTL1 and linear speed were evident following 300 
completion of the RST intervention,16 it is possible that these systematic 301 
reductions are, in part, due to training-induced cardiometabolic and 302 
neuromuscular adaptations. Such a finding could be supportive of  a dose–303 
response relationship between dRPE and the factors underpinning high-speed 304 
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running abilities.1,4,6 The beneficial effects of RST likely occur in the early 305 
part of a programme (e.g. as little as 6 sessions),16 and may be a consequence 306 
of increased resting glycogen and phosphocreatine stores, muscle enzymatic 307 
activity and buffering capacity, muscle-fibre type and recruitment, and motor-308 
unit synchronization and firing frequency.13-15 309 
Contemporary psychophysiological theory suggests that effort perception is 310 
generated via corollary discharge of central motor commands.28 It could 311 
therefore be speculated that cardiometabolic and neuromuscular adaptations 312 
to RST likely influence dRPE through reductions in the magnitude of central 313 
motor command to the respiratory and skeletal (leg) muscles. Although this 314 
efference model suggests that afferent feedback from inputs to the central 315 
nervous system—such as pulmonary vagal afferents and skeletal muscle 316 
tissue—are not the sensory signal generating perception of effort,28 fatigue-317 
induced spinal or supraspinal motoneuron inhibition can increase central 318 
motor command to maintain performance output during exercise,20 thereby 319 
creating an indirect link between afferent feedback and RPE. Though we did 320 
not directly measure training ‘performance’ (repetition sprint time), very 321 
large to near-perfect within-player associations between PL and sprint 322 
decrement have previously been reported during CoDRST (r = 0.84–0.99).17 323 
This suggests that accelerometer load may be a useful surrogate indicator of 324 
neuromuscular fatigue during RST. This application is based on the theory 325 
that reductions in the force-generating capacity of the lower-limb muscles 326 
increases ground contact time and centre of mass displacement during the 327 
stance phase of gait,29 which adds further support to our observed data and 328 
conclusions. A limitation of this approach, however, is that the proportion of 329 
PL occurring in the straight line phase versus the turn is unknown.17 330 
Initial-set dRPE increased by a small magnitude over the 6-session 331 
intervention. This could imply regression to the mean as an explanation for 332 
changed, rather than any training-induced adaptations. It is also difficult to 333 
draw conclusions from between-session changes in dRPE following the 334 
fourth set of sprints (performed only in sessions 4, 5 and 6), since there were 335 
possibly small to moderate reductions in external load/intensity. Finally, the 336 
observed changes in dRPE may have occurred, at least in part, due to 337 
psychological mechanisms, such as further familiarisation with RPE scaling 338 
(i.e.,  anchoring effects),30 changes in teloanticipation or the RPE template,31 339 
or more positive task affect and self-efficacy towards the end of the 340 
intervention.32 Nonetheless, we found the set-to-set changes in set HRavg to 341 
be inconsistently trivial and small. When coupled with the unclear between-342 
session changes in latter set HRavg, this might further question the usefulness 343 
of heart rate monitoring (when expressed as an exercise average) for 344 
evaluating the response to maximal-effort forms of HIT.14 345 
A limitation of our study is the pooling of both RST training groups in the 346 
analysis of training data, despite no clear between-group differences in fitness 347 
changes.16 Subgroup analysis or the addition of group as a moderating factor 348 
was precluded due to the low sample of players. This is also the reason we 349 
did not perform any direct inferential comparison of the changes between 350 
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RPE-B and RPE-L, despite this being of a clear interest to the application of 351 
dRPE in training monitoring. A larger sample size in future investigations 352 
may allow for further comparisons of interest to be made. Furthermore, we 353 
did not objectively measure environmental conditions (e.g., wind, heat, 354 
ground stiffness), which may affect the perception of effort. It is also 355 
important to acknowledge that we implemented RST as a total replacement 356 
for normal training. This allowed for a more controlled assessment of the 357 
dRPE responses to a fixed external loads and systematic fitness changes, but 358 
represents a less ecologically valid situation in the holistic team-sport training 359 
schedule. Finally, we attempted to quantify the external load of each training 360 
session through peak speed and PL. While our RTS sessions were 361 
standardized, these measures may not necessarily capture the entire   362 
performance demands of sprint-type training in comparison with other, more 363 
complex outcomes (e.g., force–velocity profiling).364 
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Practical implications 365 
The collection of within-session dRPE and subsequent post-session analysis 366 
of data might offer a time-efficient means of determining if RST has been 367 
implemented as intended, in a comparable manner to all athletes (i.e., 368 
fidelity), and if they are generally gaining fitness or responding to training. 369 
This pragmatic approach can be beneficial in team-sports such as soccer, 370 
given the congested fixture schedule and allocation of time to technical–371 
tactical preparation, which limits frequent use of formal ‘fitness’ tests. Our 372 
findings and methodology may also be useful for on-field monitoring of 373 
individuals or small groups undertaking RST. For example, ‘top-up’ sessions 374 
for substitute players or those not selected for the weekly competitive fixture, 375 
as well as injured players during late-stage return-to-play/train strategies. In 376 
both these scenarios, the low number of players lends to on-field collection 377 
of dRPE and heuristic decision making, if the usual responses to previous 378 
RST sessions are known. For example, this information could be used to 379 
regulate training session volume (number of reps or sets) or recovery 380 
duration. 381 
Conclusions 382 
Monitoring the responses to training interventions can help identify training-383 
induced adaptations and be useful for athlete management. A reduction of 384 
internal load to a standardized external load may indicate that an athlete is 385 
gaining fitness. In our current investigation, RPE-B and RPE-L 386 
systematically reduced across a two-week RST intervention that improved 387 
high-intensity running abilities of semi-professional soccer players, despite 388 
limited changes in external training load. Such a finding provides evidence to 389 
suggest that RPE-B and RPE-L may be useful to evaluate dose–response 390 
during RST. 391 
392 




1. Bourdon PC, Cardinale M, Murray A, Gastin PB, Kellmann M, Varley 394 
MC, et al. Monitoring athlete training loads: consensus statement. Int 395 
J Sports Physiol Perform. 2017;12(Suppl 2):S2–161–S2–170.  396 
2. Akenhead R, Nassis GP. Training load and player monitoring in high-397 
level football: current practice and perceptions. Int J Sports Physiol 398 
Perform. 2016;11(5):587–93.  399 
3. Mujika I. The alphabet of sport science research starts with Q. Int J 400 
Sports Physiol Perform. 2013;8(5):465–6.  401 
4. Impellizzeri FM, Rampinini E, Marcora SM. Physiological assessment 402 
of aerobic training in soccer. J Sports Sci. 2005;23(6):583–92.  403 
5. Vanrenterghem J, Nedergaard NJ, Robinson MA, Drust B. Training 404 
load monitoring in team sports: a novel framework separating 405 
physiological and biomechanical load-adaptation pathways. Sports 406 
Med. 2017;47(11):2135–42.  407 
6. McLaren SJ, Macpherson TW, Coutts AJ, Hurst C, Spears IR, Weston 408 
M. The relationships between internal and external measures of 409 
training load and intensity in team sports: a meta-analysis. Sports Med. 410 
2018;48(3):641–58.  411 
7. Haddad M, Stylianides G, Djaoui L, Dellal A, Chamari K. Session-rpe 412 
method for training load monitoring: validity, ecological usefulness, 413 
and influencing factors. Front Neurosci. 2017;11:113–4.  414 
8. Weston M, Siegler J, Bahnert A, McBrien J, Lovell R. The application 415 
of differential ratings of perceived exertion to Australian Football 416 
League matches. J Sci Med Sport. 2015;18(6):704–8.  417 
9. McLaren SJ, Graham M, Spears IR, Weston M. The sensitivity of 418 
differential ratings of perceived exertion as measures of internal load. 419 
Int J Sports Physiol Perform. 2016;11(3):404–6.  420 
10. McLaren SJ, Smith A, Spears IR, Weston M. A detailed quantification 421 
of differential ratings of perceived exertion during team-sport training. 422 
J Sci Med Sport. 2017;20(3):290–5.  423 
11. Coyne JOC, Gregory Haff G, Coutts AJ, Newton RU, Nimphius S. The 424 
current state of subjective training load monitoring-a practical 425 
perspective and call to action. Sports Med - Open. 2018;4(1):58.  426 
12. Taylor JM, Macpherson T, Spears IR, Weston M. The effects of 427 
repeated-sprint training on field-based fitness measures: a meta-428 
analysis of controlled and non-controlled trials. Sports Med. 429 
2015;45(6):881–91.  430 
Dose–response sensitivity of differential RPE 
14 
 
13. Taylor JM, Macpherson TW, Spears IR, Weston M. Repeated sprints: 431 
an independent not dependent variable. Int J Sports Physiol Perform. 432 
2016;11(5):693–6.  433 
14. Buchheit M, Laursen PB. High-intensity interval training, solutions to 434 
the programming puzzle. Part I: Cardiopulmonary emphasis. Sports 435 
Med. 2013 Mar 29;43(5):313–38.  436 
15. Buchheit M, Laursen PB. High-intensity interval training, solutions to 437 
the programming puzzle. Part II: anaerobic energy, neuromuscular 438 
load and practical applications. Sports Med. 2013;43(10):927–54.  439 
16. Taylor JM, Macpherson TW, McLaren SJ, Spears IR, Weston M. Two 440 
weeks of repeated-sprint training in soccer: to turn or not to turn? Int J 441 
Sports Physiol Perform. 2016;11(8):998–1004.  442 
17. Akenhead R, Marques JB, Paul DJ. Accelerometer load: a new way to 443 
measure fatigue during repeated sprint training? Sci Med Football. 444 
2019;1(2):151–6.  445 
18. Scott MTU, Scott TJ, Kelly VG. The validity and reliability of global 446 
positioning systems in team sport: a brief review. J Strength Cond Res. 447 
2016;30(5):1470–90.  448 
19. Boyd LJ, Ball K, Aughey RJ. The reliability of MinimaxX 449 
accelerometers for measuring physical activity in Australian football. 450 
Int J Sports Physiol Perform. 2011;6(3):311–21.  451 
20. Pageaux B. Perception of effort in Exercise Science: Definition, 452 
measurement and perspectives. Eur J Sport Sci. 2016;16(8):885–94.  453 
21. Greenland S. Valid p-values behave exactly as they should: some 454 
misleading criticisms of p-values and their resolution with s-values. 455 
Am Stat. 2019;73(sup1):106–14.  456 
22. Batterham AM, Hopkins WG. Making meaningful inferences about 457 
magnitudes. Int J Sports Physiol Perform. 2006 Mar;1(1):50–7.  458 
23. Hopkins WG. Compatibility limits and magnitude-based decisions 459 
about standardized effects. Sportscience. 2019;23:1–4.  460 
24. Cook JA, Julious SA, Sones W, Hampson LV, Hewitt C, Berlin JA, et 461 
al. DELTA2 guidance on choosing the target difference and 462 
undertaking and reporting the sample size calculation for a randomised 463 
controlled trial. BMJ. 2018;363:k3750–7.  464 
25. Hopkins WG. A spreadsheet for deriving a confidence interval, 465 
mechanistic inference and clinical inference from a p-value. 466 
Sportscience. 2007;11:16–20. Available at: 467 
sportsci.org/2007/wghinf.htm 468 
Dose–response sensitivity of differential RPE 
15 
 
26. Balsom PD, Seger JY, Sjödin B, Ekblom B. Maximal-intensity 469 
intermittent exercise: effect of recovery duration. Int J Sports Med. 470 
1992;13(7):528–33.  471 
27. McEwan G, Arthur R, Philips SM, Gibson NV, Easton C. Interval 472 
running with self-selected recovery: physiology, performance, and 473 
perception. Eur J Sport Sci. 2018;18(8):1058–67.  474 
28. Marcora S. Perception of effort during exercise is independent of 475 
afferent feedback from skeletal muscles, heart, and lungs. J Appl 476 
Physiol. 2009;106(6):2060–2.  477 
29. Girard O, Micallef J-P, Millet GP. Changes in spring-mass model 478 
characteristics during repeated running sprints. Eur J Appl Physiol. 479 
2010;111(1):125–34.  480 
30. Evans HJL, Ferrar KE, Smith AE, Parfitt G, Eston RG. A systematic 481 
review of methods to predict maximal oxygen uptake from 482 
submaximal, open circuit spirometry in healthy adults. J Sci Med 483 
Sport. 2015;18(2):183–8.  484 
31. Abbiss CR, Peiffer JJ, Meeusen R, Skorski S. Role of ratings of 485 
perceived exertion during self-paced exercise: what are we actually 486 
measuring? Sports Med. 2015;45(9):1235–43.  487 
32. Parfitt G, Olds T, Eston RG. A hard/heavy intensity is too much: The 488 
physiological, affective, and motivational effects (immediately and 6 489 
months post-training) of unsupervised perceptually regulated training. 490 
J Exerc Sci Fit. 2015;13(2):123–30.  491 
492 
Dose–response sensitivity of differential RPE 
16 
 
Figure Captions 493 
Figure 1: Descriptive data (mean ± standard deviation) for ratings of 494 
perceived breathlessness (RPE-B) and ratings of perceived leg muscle 495 
exertion (RPE-L) throughout the 6-session repeated-sprint training 496 
intervention. 497 
Figure 2: Descriptive data (mean ± standard deviation) for average heart rate 498 
(HRavg), PlayerLoad™ (PL), and peak running speed throughout the 6-session 499 
repeated-sprint training intervention. 500 
Figure 3: Set-to-set changes in ratings of perceived breathlessness (RPE-B), 501 
ratings of perceived leg muscle exertion (RPE-L), average heart rate (HRavg), 502 
PlayerLoad™ (PL), and peak running speed throughout the 6-session 503 
repeated-sprint training intervention. Data are presented as effect sizes with 504 
90% confidence limits. 505 
[Footnote] Grey shaded area = trivial. Possibly trivial and small effects 506 
are presented with the corresponding probabilities (percentage chance) 507 
of being trivial (T) and small (S). All other effects are presented with 508 
the percent chance of being the observed magnitude (moderate: M, 509 
large: L), noted as: *possibly (25.0–74.9%), **likely (75.0–94.9%), 510 
***very likely (95.0–99.5%), and the probability of being trivial, noted 511 
as: amost unlikely (≤0.5%), bvery unlikely (5.0–4.9%). Data points 512 
without labels were likely to most likely trivial (90.0–99.9%) 513 
Figure 4: Changes in ratings of perceived breathlessness (RPE-B), ratings of 514 
perceived leg muscle exertion (RPE-L), average heart rate (HRavg), 515 
PlayerLoad™ (PL), and peak running speed across the 6-session repeated-516 
sprint training intervention. Data are presented as effect sizes with 90% 517 
confidence limits.  518 
[Footnote] Grey shaded area = trivial. Unclear, trivial and small effects 519 
are presented with the probabilities (percentage chance) of being a 520 
substantial ↓/ trivial/ substantial ↑. All other effects are presented with 521 
the percent chance of being the observed magnitude. For likely 522 
substantial effects, the probability of being trivial is noted as: amost 523 
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